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1. Introduction
WID[1] on Expanded and Improved NR Positioning was approved for Rel-18 where items to specify bandwidth aggregation techniques and RedCap positioning are as follows:
	· Specify support of positioning for UEs with Reduced Capabilities (RedCap UEs)
· Specify support of Frequency Hopping (FH) beyond maximum RedCap UE bandwidth for reception of DL PRS and transmission of UL SRS for positioning [RAN1, RAN2].
· Specify bandwidth aggregation for positioning measurements across up to three intra-band contiguous carriers [RAN1, RAN2, RAN4].
· Specify signalling and procedures to support aggregation of PRS/SRS (respectively) resources across PFLs/carriers (respectively) for positioning measurements under the assumption that the signals over aggregated resources are transmitted and received (respectively) using a single RF chain (same antenna) [RAN1, RAN2].
· NOTE: The support of bandwidth aggregation for positioning measurements applies only to timing related measurements (e.g., RSTD, RTOA, and UE/gNB Rx-Tx time difference).


In this contribution, we provide our views on the configuration of bandwidth aggregation and RedCap positioning from RAN2 perspective.
2. Discussion
2.1.  bandwidth aggregation
2.1.1. DL-PRS aggregation 
RAN1#112[2] has achieved the following agreement on the linkage configuration:
	Agreement
For PRS bandwidth aggregation across PFLs, support enhancement of PRS configuration to inform UE by LMF (or inform LMF by NG-RAN) PRS resources from which two or three PFLs are linked. 
· FFS whether the link is for all TRPs or per TRP basis
· FFS whether the link is per PRS resource set basis or per PRS resource basis.


To inform UE which PFLs are linked for potential PRS bandwidth aggregation measurement, the existing assistance data should be enhanced as shown in the above agreement. 
Since all TRPs/gNBs may not be upgraded simultaneously in the feature deployment, it is better to have flexibility configuring PFL aggregation only for a part of TRPs. 
To keep both specification and implementation simple, we suggest per TRP basis for the link signaling between PFLs. We haven’t found the good use cases and benefit of per resource set or resource basis. 
That means, the PFL’s linkage and TRP’s linkage are both needed in LPP specification.
Proposal 1: For PRS bandwidth aggregation across PFLs, support new signaling to link PFLs and TRPs. FFS the detailed signaling structure.
When PRS bandwidth aggregation is supported from network side, the following agreement in RAN1#112 has been made: 
	Agreement
· Support LMF-initiated and UE-initiated on-demand PRS request for PRS bandwidth aggregation
· FFS details
· Support preconfigured on-demand PRS across PFLs for PRS bandwidth aggregations
· FFS details


For UE initiated on-demand PRS, Rel-17 supports preconfigured on-demand PRS where maximum 8 PRS configurations can be configured by LMF to UE as shown in the following box abstracted from 37.355. Then UE can further request the preferred configuration ID(s). 
	NR-On-Demand-DL-PRS-Configurations-r17 ::= SEQUENCE {
	on-demand-dl-prs-configuration-list-r17		SEQUENCE (SIZE (1..maxOD-DL-PRS-Configs-r17)) OF
													On-Demand-DL-PRS-Configuration-r17,
	...
}
 
On-Demand-DL-PRS-Configuration-r17 ::= SEQUENCE {
	dl-prs-configuration-id-r17					DL-PRS-Configuration-ID-r17,
	nr-DL-PRS-PositioningFrequencyLayer-r17		NR-DL-PRS-PositioningFrequencyLayer-r16,
	nr-DL-PRS-Info-r17							NR-DL-PRS-Info-r16,
	...
}


Alternatively, as shown in the following box abstracted from 37.355, UE can directly request the preferred PRS parameters for each PFL including the preferred PRS bandwidth, repetition factor, comb size, etc. 
	NR-On-Demand-DL-PRS-Information-r17 ::= SEQUENCE (SIZE (1..nrMaxFreqLayers-r16)) OF
														NR-On-Demand-DL-PRS-PerFreqLayer-r17
 
NR-On-Demand-DL-PRS-PerFreqLayer-r17 ::= SEQUENCE {
	dl-prs-FrequencyRangeReq-r17			ENUMERATED { fr1, fr2, ...},
	dl-prs-ResourceSetPeriodicityReq-r17	ENUMERATED { p4, p5, p8, p10, p16, p20, p32, p40,
													p64, p80, p160, p320, p640, p1280, p2560,
													p5120, p10240, p20480, p40960, p81920, ...}
																					OPTIONAL,
	dl-prs-ResourceBandwidthReq-r17			INTEGER (1..63)							OPTIONAL,
	dl-prs-ResourceRepetitionFactorReq-r17	ENUMERATED {n2, n4, n6, n8, n16, n32, ...}
																					OPTIONAL,
	dl-prs-NumSymbolsReq-r17				ENUMERATED {n2, n4, n6, n12, ...}		OPTIONAL,
	dl-prs-CombSizeN-Req-r17				ENUMERATED {n2, n4, n6, n12, ...}		OPTIONAL,
	dl-prs-QCL-InformationReqTRPlist-r17	DL-PRS-QCL-InformationReqTRPlist-r17	OPTIONAL,
	...
}
dl-prs-ResourceBandwidthReq
This field specifies the requested number of PRBs allocated for the DL-PRS Resource (allocated DL-PRS bandwidth) in multiples of 4 PRBs. Integer value 1 corresponds to 24 PRBs, value 2 corresponds to 28 PRBs, value 3 corresponds to 32 PRBs and so on.


Based on the agreement, in the case there is preconfigured on-demand PRS, LMF should inform UE whether/which PFLs are linked/aggregated. Since one On-Demand-DL-PRS-Configuration is associated with one PFL, that is, LMF should inform UE whether/which On-Demand-DL-PRS-Configuration IDs are linked/aggregated. 
As shown Step 1 in Figure 1, the grouping information should be informed to UE together with the Rel-17 on-demand PRS configurations. In the figure, it is assumed four on-demand PRS configurations are divided into two groups where configuration#1 and #2 are linked, and #3 and #4 are linked for aggregation. 
In step 2, after UE receives the on-demand PRS configurations and the grouping information, UE can request the preferred on-demand PRS configuration ID(s) if the UE does not request PRS aggregation measurement, or can request the preferred group ID(s) if the UE needs PRS aggregation measurement for higher positioning accuracy. 
Alternatively, in step 2, UE can directly request the preferred PRS bandwidth value regardless of on-demand PRS configuration where the case of the requested bandwidth larger than the maximum value of the single PFL, e.g. >272 PRBs implies that UE requests PRS bandwidth aggregation measurement for higher positioning accuracy. 
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Figure 1. On-demand PRS for PRS bandwidth aggregation
For LMF-initiated on-demand PRS, it only supports LMF directly requests preferred PRS parameters including bandwidth. Similar as Option 2 in Figure 1, Rel-18 can be enhanced to support that the requested bandwidth is larger than the maximum value of the single PFL, which implies that LMF requests PRS bandwidth aggregation. Since it depends on RAN3’s design, we suggest to send LS to RAN3 on LMF-initiated on-demand PRS request.
Proposal 2: For UE-initiated on-demand PRS request for PRS bandwidth aggregation, support
· On-demand PRS configuration can include the group information where the linked on-demand PRS configuration IDs are in the same group for aggregation
· UE can request on-demand PRS configuration ID(s) or group ID(s)
· UE can request PRS bandwidth larger than that of a single PFL implying PRS bandwidth aggregation request

Proposal 3: For LMF-initiated on-demand PRS request for PRS bandwidth aggregation, support
· LMF can request PRS bandwidth larger than that of a single PFL implying PRS bandwidth aggregation request
· Send an LS to RAN3 

2.1.2. UL-SRS aggregation 
RAN1#112 has achieved the following agreement on the linkage configuration:
	Agreement
For SRS bandwidth aggregation across two or three carriers, support enhancement of SRS configuration to indicate the SRS resources from which two or three carriers are linked 
· SRS resources are per BWP per carrier configuration
· FFS whether the link is per SRS resource set basis or per SRS resource basis.


To keep both specification and implementation simple, we suggest per carrier basis for the link signaling. That is, a higher layer signaling is used to indicate which serving cells are linked, and then the SRS resources for positioning are one-to-one mapping between the linked carriers. So far, we haven’t found the good use cases and benefit of per resource set or resource basis. 
Proposal 4: For SRS bandwidth aggregation across carriers, support higher layer signaling to indicate which carriers are linked, where the SRS resources for positioning between the linked carriers are one-to-one mapping. 

2.2.  RedCap positioning 
2.2.1. DL-PRS hopping 
RAN1#112 has confirmed to support frequency hopping of positioning PRS as follows:
	Agreement
For positioning for RedCap UEs with DL PRS Rx Hopping, the UE hops within a DL PRS resource
· FFS: whether there is specification update needed for RAN1
· FFS: remaining details 


RAN1 confirms that hopping is performed at receiver side. For PRS, the gNB sends PRS with a normal bandwidth, meanwhile at UE side, the frequency domain resource of receiving one PRS is divided into several parts, each part corresponds to a frequency hop, and several hops are received in different time periods, respectively. There are 2 cases of PRS repetition:
· If a PRS is inter-slot repeated with a repetition factor, UE should receive different frequency parts per slot per repetition instance; 
· If a PRS is intra-slot configured and PRS symbol is larger than PRS comb size, the PRS is actually per comb-size-symbol repeated within a slot, UE should receive different frequency parts per per comb-size-symbol of a PRS resource within a slot.
[bookmark: _GoBack]For the above 2 cases, RedCap UE can use on-demand PRS request to request hopping. Currently on-demand PRS request contains PRS bandwidth, PRS repetition factor, PRS symbol and PRS comb size. We think these IEs (and the value ranges of these IEs) are enough for RedCap UE to indicate NW of PRS reception hopping, for example, since NW knows the RedCap UE identity and the maximum bandwidth it supports, then the requested PRS repetition factor implies the number of inter-slot Rx hopping, and the requested PRS comb size and PRS symbols imply the number of intra-slot Rx hopping.
Proposal 5: RedCap UE can use on-demand PRS procedure to request Rx PRS hopping without additional specification impact in RAN2.
2.2.2. UL-SRS hopping 
RAN1#112 has confirmed to support frequency hopping of positioning SRS as follows:
	Agreement
For RedCap UEs, support SRS for positioning frequency hopping by 
· Using a configuration separate from the existing BWP configuration
· FFS: hopping is configured within a SRS resource or across SRS resources


For positioning SRS hopping for RedCap UE, there are two candidate solutions as shown in the FFS part in the above agreement:
(1) Frequency hopping within one resource
(2) Frequency hopping within one resource set (across resources)
In our view, both solutions are workable to support SRS frequency hopping for positioning. However, solution 1, i.e. SRS hopping within one resource may have less flexibility since the current positioning SRS configuration for each resource is only limited to one slot, and then the positioning SRS hopping is limited to intra-slot hopping case only. So we slightly prefer solution 2, i.e. frequency hopping across positioning SRS resources.  
Proposal 6: For RedCap UE, Support frequency hopping across positioning SRS resources.
For positioning SRS hopping, RAN1’s consensus is not to use BWP switching to perform hopping because of latency consideration. From signaling configuration view, the SRS for RedCap UE Tx hopping can be configured as a new SRS configuration within the legacy SRS-Config IE. The new SRS configuration should have the new bandwidth which is larger than the current BWP. 
Proposal 7: Support to configure a new SRS configuration within the legacy SRS-Config IE to indicate SRS hopping for RedCap UE.
3. Conclusion
In this section we provide the following proposals:
Proposal 1: For PRS bandwidth aggregation across PFLs, support new signaling to link PFLs and TRPs. FFS the detailed signaling structure.
Proposal 2: For UE-initiated on-demand PRS request for PRS bandwidth aggregation, support
· On-demand PRS configuration can include the group information where the linked on-demand PRS configuration IDs are in the same group for aggregation
· UE can request on-demand PRS configuration ID(s) or group ID(s)
· UE can request PRS bandwidth larger than that of a single PFL implying PRS bandwidth aggregation request

Proposal 3: For LMF-initiated on-demand PRS request for PRS bandwidth aggregation, support
· LMF can request PRS bandwidth larger than that of a single PFL implying PRS bandwidth aggregation request
· Send an LS to RAN3 
Proposal 4: For SRS bandwidth aggregation across carriers, support higher layer signaling to indicate which carriers are linked, where the SRS resources for positioning between the linked carriers are one-to-one mapping. 
Proposal 5: RedCap UE can use on-demand PRS procedure to request Rx PRS hopping without additional specification impact in RAN2.
Proposal 6: For RedCap UE, Support frequency hopping across positioning SRS resources.
Proposal 7: Support to configure a new SRS configuration within the legacy SRS-Config IE to indicate SRS hopping for RedCap UE.
4. [bookmark: _Toc18404543][bookmark: _Toc18413612][bookmark: _Toc18403976]References
[1] RP-223549, New WID on Expanded and Improved NR Positioning, 2022-12.
[2] Report of 3GPP TSG RAN WG1 meeting #112, 2023-03.




image1.png
LMF

On-Demand-DL-PRS-Configuration

On-Demand-DL-PRS-Configuration

#1 #2
Step 1
On-Demand-DL-PRS-Configuration On-Demand-DL-PRS-Configuration
#3 #4
UE
Optionl: On-Demand-DL-PRS-Configuration ID or group ID
Step 2 UE

Option2: Requested PRS bandwidth which can be larger than
maximum value of Rel-17 single PFL

Group 1

Group 2

LMF




